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511 ~ ABSTRACT |

A device for flow injection analysis whereln use is made
of a double loop connected at opposite ends with flow

control valves for alternate simultaneous m_]ectlon of
sample fluid in one loop while electrolyte fluid is in-
jected in the other and for simultaneous alternate flow
from one loop to an analysis station and from the other

o loop to a collector, and means for controlling the valves

‘and pumps associated with the first valve for regulating
- the amount of sample fluid and electrolyte displaced
'thmugh sald valves |
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MODE 5 ON- STREAM SAMPLE DILUTION

STATES
TIMING |T4|T3|Ta| 3| Ta|T3|Ta| T3|Ta|ETC

VALVE (VS\VS\VS VS VS VSIVS VS VS
S

Cs

- TIME

- FIG.I5

MODE 6 PROGRAMMABLE SAMPLE INJECTION WITH
~ SIMULTANEOUS SAMPLE DILUTION

) ;VALVE- | VS |VS|VS|VS|VS|VS|VSIVS| VS ETC
"STATES| | |3|2|4|l|3|2|4 | I. \
TIMING |— 7, —} Tg — T
- . T3IT4| '
Cs

 TIME

NOTE: Tz = PULSE WIDTH FOR SAMPLE SOLUTION
T4 = PULSE WIDTH FOR CARRIER SOLUTION
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- ple - _-
~ When the valves 10 and 12 are dlsplaced to the posi-
~ tion shown in state 2 of FIG. 2, the carrier electrolyte

- _--stream is directed by the valve 10 from the carrier pump

- 14 into loop L1 for transport of sample Sz 1in the loop to

. the detector. Simultaneously a new sample S3 is di--
~ rected by the valve 10 from the sample pump 18 into

DEVICE FOR CONTROLLED INJECTION OF
| : FLUIDS | | |

Thrs isa oontmuatlon-m part of my copendm g apph-

“cation Ser. No. 57,369, filed July 13, 1979 (now U.S.
. Pat. No. 4,272,48 3) entltled “Solutlon Handlmg Appa-
- ratus and Method.”

This invention relates to solution handlmg systems o

-4, 352 780

2

| prewous]y descrlbed which operates on a time relation-

- ship whereby the size of the sample can be varied to

5

accommodate analyses for steady state signals; wherein
pressure drop across the valves is minimized or made
substantially constant; in which the flow of sample can
be stopped for sample analysis whereby programmable

~ volumes of liquid, sampling rate and number of repeti-

' Ladapted for continuous flow of controlled amounts of 10

~ liquid medtum to be analyzed as in continuous ﬂow

- :analysrs

In my aforementloned copendmg apphcatron, de- _'

o fscnptlon is made of an apparatus which makes use of a
- carrier pump and a sample pump, with the carrier pump

| ;connected to a source of carrier fluid and with the sam-

| o ple pump connected to the sample source, with the

~ pumps connected by a pair of separated multiple valve

' . ‘means to form a pair of loops of predetermined volume
~ whereby in one state, sampley is circulated between the

- valves for filling the loop with sample; while carrier or
" electrolyte liquid is circulated through the other loop to
 displace the volume of sample; from the loop to a detec-

. tor device and, in a second state, sanmleg. is circulated

:- ) through the other loop while carrier. hiquid is circulated

 through the first loop to displace the volume of sample;

to the deteetor device. Thus volumetrleally measured
_amounts of samples are displaced in sequence, in contin-

20

.tive samples can be programmed by associated soft-
ware; which embodies digitally controlled sample injec-

tion; and whlch 18 self cleanmg thereby to eliminate the
need for a wash cycle; and in which reagents can be

incorporated into the sample for flow through the sam-

ple loop or otherwise introduced for admurture before

‘the sample reaches the detector.
15

These and other objects and advantages of this inven-
tion will hereinafter appear and for purposes of illustra-
tion, but not of limitation, an embodiment of the inven-

tion is shown in the accompanymg drawmgs in which:

F1GS. 1-5 illustrate the various states in which the
apparatus of the invention can operate;

FIGS. 6-9 illustrate the four way valve connection | in
the various states illustrated in FIGS. 1-5:

FIGS. 10-13 and 15-17 illustrate the various opera-

- tional modes of which the apparatus is capable; and

(upside-down) of a sampler adapted for use in ICP AA

FIG. 14 is a schematic sectional elevational vView

- and AE analysis in connectlon with the apparatus of thJs
~invention.

_uous flow from sample sources to a detector for analy- |

SIS,
‘The operatron capable of bemg oarned out by the

o apphcatlon are depicted in FIGS. 1 and 2, hereinafter

30

When the valves are in state 1 the carrier llquld is
pumped through loop L; to the detector 16 while the

. sample is pumped through loop L; to waste. Thus the
flow injection apparatus of the described copending

referred to as states 1 and 2 respectively. When the

- valves 10 and 12 are in the positions of adjustment?
--shown in state 1, the carrier electrolyte or liquid is

35

~ displaced by carrier pump 14 from a source 15 of carrier
liquid through loOp L to a detector 16 where the vol-

ume of sample swept from loop L; is analyzed during

flow therethrough to waste 17. Concurrently, sample

liquid is directed by the valve 10 for circulation by the

- sample pump 18 from a sample source 19 for circulation
- through loop L1 to the valve 12 which directs sample

~ sample loop L; is delivering sample S; to the detector,

sample Sg, originally in the loop L, is dlsplaoed by the

carrier liquid to the detector while the loop L is being '
filled with sample S;. |

When the valves are in state 2, the carrier liquid is

~pumped through the loop L to displace sample S; to

the detector while new sample S; is pumped through
loop Lj to waste. Thus the sample S; is displaced from
loop L by the carrier liquid to the detector while the
loop L, is being filled with the sample S;. |
‘When as described in the aforementioned copendutg

_applrcatlon, the sample pump is located downstream of

- the second valve, between the valve and the waste, the
- liquid flowing therethrough to waste 20. Thus, while

45

| sample loop L1 1s berng ﬁlled w1th the next quutd sam- -

50

apparatus is incapable of operation in any state other

than the described states 1 and 2. This limits the appara-
tus to samples based on the volume of the loops L; and
L and thus restricts the utilization that can be made of
the apparatus for various test procedures that are not -

volumetric in nature. It has been found that the number

and types of analyses can be greatly expanded for use in

- tests when the sample pump is located upstream of the

- loop L; to fill the loop with sample, with excess going

- to waste. Thus the switching action from state 1 to state

33

~ 2 results in the introduction of ﬁxed volumes of sanmle K

RS R 1nto the carrier electrolyte stream. |
- Analysis of ltquld samples prowded by the descrrbed.- |

apparatus operating between states 1 and 2 is based

- _.entirely on a volumetric concept which allows for the

- transmission of signals rising to sharp peaks as read by

Itis an object of tlus mventlon to produce an appara-

L "' .; tus of the type described wherein the types of detectors‘;
- and analyzers with which the apparatus may be used'is
- greatly expanded to: include testing procedures incapa-

- the detector from the sample stream as diluted by the
.,.eleotrolyte L | |

'- ble of bemg carned out by the ﬂutd handhng devroe’ -

valving at the head end of the loops and when use is

‘made of means for- controllmg valve operations to pre-
‘determined time intervals, as by programmable oomput-

erized control. |
The time mtervals, heremafter referred toas Ty, Ty,
T3, Ta, Ts and T¢ can be programmed, such as with an

-RCA Microboard Computer or other timed sequencing

means, in terms of their respective volumes V' through

Vs of liquid carrier and fluid sample dlsplaced through

the loops to the detector and waste. |
Ty relates to the time interval that the sample fluid is

~ pumped from the sample holder 19 into the dual chan- |
" nel sample injector described. |
65

T2 represents the minimum tune mterval between

_repetltwe samplings.

T3 defines the mjecttou sample size based upon time

:'omratlon of the sample pump
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T4 1s the time interval allowed between injections.
Ts determines the time interval between successive
sample injections.

T refers to the time interval that the pumps are deen-
ergized after T3 so that the sample remains stationary in
the detector for examination and for rate measurements.

- Tg 1s the time interval of diluted sample injection.
Tg 1s the time length of on-stream gradient.
Figs. 6-9 illustrate in diagrammatic form the four

- way valves formed of a pair of three way valves having

a common interconnection and the normal position of
each of the valves as well as their positions during each
~ of the operational states illustrated in FIGS. 1-5.

The dual channel sample injector of this invention is
- operated by the four independent control elements,
illustrated as interconnected 3-way valves, each requir-
ing a separate control line, The connecting cable of the
device has five leads, four of which are control lines
while the fifth is to ground. Each control line is oper-
ated with a 12 VDC, 0.38 Amp signal. Each valve state

10

15

20

(V S) is defined by a set of ON/OFF signals, illustrated -

in the following table, and which can be monitored via
a front panel status indicator (not shown)

TABLE
| CONTROL LINES
VALVESTATES VI VI VI VIV
| 1 | OFF OFF OFF OFF
2 - ON ON ON ON
3 OFF ON ON OFF
4 ON OFF ON OFF

OFF = control line V I, V II, V III, or V IV is not energized.
_ON = control line V I, V1I, V IIl or V IV is energized.

FIGS 10—13 are charts relating time to sample mea-
surement and four of the modes of operation capable of
being carried out with the described apparatus, with
‘attached software for programmable timed sequencing
means.

‘Mode 1, 1llustrated in FIG. 10, provides for analysis
based upon fixed volumes obtained in accordance with
states 1 and 2 (FIGS. 1 and 2). During the time interval
T1, sample fluid is pumped by the sample pump from
the fluid sample holder into the dual channel sample
~ 1injector and a fixed volume of sample is injected. In the

. event that repetitive sampling is programmed, the sip-

per connected to the sample pump is retained in the
~ sample fluid until the predetermined number of sam-

. plings has been carried out. The programmable time

interval between repetitive samplings is indicated by Tj.
In mode 1 wherein a fixed volume of sample fluid is

- processed through the loop for continuous flow

through the detector, measurement provides sharp or

- peak signals as determined by the detector in examina-
tion of the flowing sample volume diluted somewhat by
- carrier fluid.

- Mode 2 (FIG. 11) provides for a variable sample

23

30

35

40

4

During the time interval Ty in mode 2, sample fluid is
pumped from the sample source into the dual channel
sample injector to fill the loop. During the time interval
T3, the sample pump continues to pump sample fluid
into the sample injector for a time period that deter-
mines the size of the sample caused to flow through to

the detector. This determination is made at a steady.
state to provide readings in the form of a plateau.
State 3 can thus accommodate slow devices or detec-

tors for a steady state signal. In state 3, sample size can
be made so large as to enable samples which are not
diluted by carriers. This enables expansion of the use of
the device to a much wider range of detectors. Mode 2
of state 3 also permits on stream dilution or the addition
of reagent for admixture with the sample before deter-
mination by the detector, as illustrated in state 4.

In mode 3, for point source sampling, sample fluid is
pumped continuously from a pomt source into the dual
channel sample injector. As in the previous diagrams,
T is the time interval for filling the loop and T3 indi-
cates the time interval for continued injection of sample
as in mode 2. T’ is the time interval between sueeesswe
samplings. | |

Mode 4 indicates the stop flow operation wherem the
pumps are deenergized to cause the sample to remain
stationary in the detector for determination. In mode 4,
the time intervals T and T3 are the same as in mode 2.
During the time interval Tg, the sample pump is deener-
gized. The sample remains stationary in the detector for
a predetermined (programmable) period of time. Dur-
ing the time interval T, rate measurements can also be
carried out. At the end of the time interval T, the same
pump starts up again, the detector is flushed with car-
rier solution during time interval T, and a new sample
is introduced into the opposite loop. Mode 4 enables
sample flow to be stopped for examination of small
samples over an extended period of time.: - |

In state 4, the reagent valve 30 is open to direct the
flow of reagent fluid from a container 32, in metered
amounts, into the passing sample volume flowing to the
detector. Between sample injections in state 4, the rea-

- gent solution is recirculated within the reagent cycle by

435

the continuously operating reagent pump 34 thereby to
provide for more economical use of costly reagents. .
The reagent valve can also be programmed for centmu- .-

- ous additions of reagent.

20

| VSI—+III—>-II—->-IV »I—II1 etc ‘The dilution ratio is

335

-~ volume to be introduced into the carrier electrolyte

- stream of the dual channel sample injector by switching
from state 1 (FIG. 1) to state 3 (FIG. 3). The exact
sample volume introduced will depend on the timing in
state 3 and the pumping rate of the sample pump. By
switching to state 3, small as well as large sample vol-
- umes can be accommodated without change in the sam-
ple loops. In mode 2, the sample loops L1 and L; need
not be completely filled, i.e. sample volumes considera-
- bly smaller than the sample loop volumes can be in-
Jected into the carrier stream with great precision.

65

In mode § on-stream sample or reagent dllutlen ‘can

‘be attained by alternatmg between sample or reagent

injection (T3) and carrier solution. injection (T4) The
required valve state (VS) sequence involves

determined by (T4+T3)/Ti. For optimal results
T4+ T3 < 1000 msec. and T3~ 10 msec. Short pulses for
T3 and T4 are chosen to ensure rapid and complete
on-stream mixing of the sample and carrier pulses. For

large dilution rations (T4> >T3), the “detection” port

of the dual channel sample injector is connected to a.
tangential flow mixing chamber whlch generates a lo-
calized high turbulence flow region thus ensuring a
homogeneously diluted sample or reagent stream.
Mode 6 is concerned with programmable sample
mJectlen with simultaneous sample dilution. This mode
1s similar to mode 2. During Tj, the sample is pumped
from a sample changer or point source into the dual
channel sample injector. During Tg! sample S; and
carrier solution is injected while during Tg2 sample S; is
diluted on-stream. During Ts, the alternating sample



~and carrier mjectlons (see mode 5) allow preclse dilu-
*-;tlon of the sample. - TR - e

| ~dual channel sample injector of this invention and then 15
- superimposing an additional gradlent by means of the_
o ..programmable reagent valve. . |

SR advantages are derived from the solution handling Sys-

- tem of this invention. For example, the dual channel

~ sample injector can accommodate small as well as large 40

~ -volumes of sample or reagent without the. need to

- -change the sample loops. The device is self cleaning

- - thereby to avoid timely and costly wash or cleaning -
~ cycles. The injection of sample into one loop while

~ - filling the other loop are carried out simultaneously to 45'
. provide significant savings in time in the examination of -
.- samples. Finally, the use of electrically driven solenoid

. valves for determining the flow of sample and reagent -

. and the sunple on/off logic of sampling arrangement,

.. permits the system to be adapted to digital control. . 50 |

B - -of FIG. 14 is located immediately in advance of the' !

S detector 16 but beyond the valve 12 . |

T claim: g

1A ﬂuld handhng devrce compnsmg

- ‘“tional appllcatlons such as in ultraviolet (UV) wvisible
.. (Vis), infrared (IR) and fluorescence 'examination  of "
. samples; hquld chromatographrc and atomic absorptlon- -
o - (AA), atomic emission (AE), ‘inductively coupled 55
o jf'-fplasma atomic absorption (ICP) and flame photometry.

| N 5:_. ':. .;":for a particular analysls can be present in the carrier
| - liquid. Additional reagents can be added to the streams .
'~ 5ithrough operation of the programmable reagent valve. 60 -

f5'-

‘Mode 7 has to do wrth programmable on-stream gra- -"

" dient formation.. Durmg time: interval Tg the carrier
~ pulse T4 is linearly decreased while the sample pulse T3 5

~ remains constant. Upon mixing of the carrier and sam-

ple pulses, a linear sample . gradient is formed. The

~ change in T4 is a programmable function of -time, -
- ATs=f (tlme) In geueral this-function can be linear,
~ . .nonlinear, increasing or _decreasing with - time.- The 10
~ graph shows the on-stream generation of a binary gradi-
- ent. However, the formation of a ternary gradient, i.e. a
 gradient formed from three miscible components can be
. generated by first formmg a binary gradient with the

-The device described -is. capable of multlple other '-

~ uses, such as for dispensing predetermined volumes of

solution which can be metered-into separate containers. 20

It also can be used for calibration of the flow rate of
~ carrier electrolyte and sample fluid as by the determina-
~ tion of the time . required to: dlspense a predetermmed

__ -;volume of llquld as measured m a contamer of ﬁxed

In. practlce, the camer llquld for ﬂuld pumps can be

B Operated continuously except for- the period Tg. Be-

. ‘cause of the valve arrangement, surges are completely
... .avoided and pressure drops across the valves remam :
' Ny cﬂnstant i .1.,, , o e e e = 30

The: ablhty to mcrease or decrease the srze cf the |

o _sanmle makes it possible to operate the device as-a self

- cleaning device wherein  the. carrier: liquid notonly

- ‘transfers the sample plug but sufficient volume can be
- injected to clean the loop whereby. carryover between 35.
PR :samples becomes: mslgmﬁcant

It will be apparent from the foregomg that many

‘The device described is capable of numerous addi-

"IN UV, Vis, IR or fluorescence, reagents necessary

‘The device permits synchronized addition of prede- -

§ i e | ;automated by mode 4.

In use in liquid chromatography, sample mtroductlon".:tins

'-_ o and elution can be: carried out for low pressure liquid

- -' '{_chromatography and very large and very small sample o |

S e ?.--f_';i;.. ﬁl.';fslzcs can be readlly accommodated

4,352 780

In AA,; AE and ICP and flame photometry, the de-

-_.'_v1ce provides for sample introduction into, flame or
plasma at predetermined (programmable rates). Preci-
sion can be enhanced by the repetitive sample capability

of the deyxce asin mode 3. The same introduction can

be regulated to give either a transient (mode 1) or
steady state (mode 20r 3) signals. In addition, on stream
- Matrix modifications can be provided. o
- In the AA, AE, ICP and Flame Photometry proce-
-dures it is desirable to reduce the size of the sample
| wrthout In any way modrfymg the sample.

~In FIG. 14, there is shown a means for achlevmg the

o des1red results comprising a cylindrical section 40 of a
_transparent glass or plastlc, such as lucite, in which the
cylindrical section is open at both ends. A plug 42,

which may be formed of Teﬂon or other suitable plastlc

- material, is fitted into one open end to form the bottom

wall of the tubular housmg The plug is formed with an
elongate narrow passage 44 through which the fluid to -

‘be tested flows from an inlet 46 into the interior of the
- housing with the passage 44 emptying into a’concentric
- outlet 48 of larger dimension than the passage. The plug

is -also formed ‘with an outlet 50 of larger dimension

~ offset laterally from the inlet. The other or top end of
- the housing .is closed. by a plug 52 of Teflon or other
'plastlc having a passage 54 of small dimension -extend-
- ing axially therethrough but offset from the passage 44
‘and spaced a considerable distance therefrom The out- =
let 56 from passage 54 is connected to an aspirating tube
- 58 that leads to the plasma flame. The inlet 46 and outlet -
80 in plug 42 are threaded for connection with the sam-
: _-~ple feed tube and tubmg whlch leads to waste respec-_ |
tlvely |

In operatlon, 11qu1d sample is mtroduced in continu-

- ous flow through the inlet 46 for flow through the pas-
‘sage 44 into the interior of the housing. Within the
housmg, the liquid is under free flow so that air bubbles

* can escape. By reason of the offset of the outlet passage
y ‘54 and because of the free flow of the liquid within the
housmg to an outlet 50 of larger dimension, only a small
fraction of the sample liquid free of dust traverses the
.' space between the end of the passage 44 and the outlet
.54 for flow of the fraction to the plasma flame. The rest
of the liquid sample flows through the outlet 50 to waste
" or other collectlon medlum if it is desrred to save the
| -sample liquid. |

The descrlbed deyice provrdes for at least a four fold

increase in productivity. When used with the solution -

handling system described, the sample reduction device

" 'means for supplying an electrolyte ﬂutd

o ,,'_means for supplying a fluid sample for analysm, = |
. first and second fluid carrying channels, ' |
. first four-way valve means for simultaneously inject- .

ing said fluid sample into one of said channels and
~ said electrolyte into the other of said channels,

R - a fluid displacement pump communicating the means
~termined volumes of sample liquid and reagents'so that =
" slow analytical reactlons, as in enzyme analysls, canbe

for supplying the electrolyte fluid with said first

~ valve means for dlsplacement of electrolyte to sa1d |

. -first valve means, | | |

:_ _-__.a sample pump commumcatmg the means for supply- .

- ing the fluid sample with said first valve means for
dmplacement of electrolyte to sald ﬁrst valve
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second four-way valve means for. simultaneously
receiving electrolyte fluid and fluld Sample from
said channels,

means for controlling the operation of ‘said first atid

second valve means in respoiise to an electrlca]
impulse to direct the s:multaneous ﬂow of fluid
sample from said first valve means into one of said

- channels and electrolyte fluid into the other of said

- channels and for eontrollmg the second valve
means for simultaneous flow of electrolyte fluid
and fluid sample from said channels and . through
said second valve means with either the fluid sam-
ple or the electrolyte fluid flowing to means for
analyzing the fluid sample and the other ﬂowmg to
means for collecting the fluid, and |

‘means for regulating the operation of sald ﬁrst and

second valve means in timed relation to control the
volume of fluids displaced by the sample pump and
the fluid displacement pump. _

2. A device as claimed in claim 1-in wlnch sald fluid
d1$placement pump and sample pump operate contlnu-
'ously . . L o
‘3. A device as clalmed in claim 1 theh mcludes
means for terminating operation of the sample pumIJ
while the fluid sample is du'ected to sa:ld means for
- analyzing the fluid sample. |
4 A device as claimed in claim 1 whlch mcludes a
computer timed in with the valves for control of opera-
 tion and timed sequence.

5. A device as claimed in claJm 1in whmh the tlmed
sequence corresponds. to the time for filling the chan-

nels to provide constant volumetric analysm of sample
fluid. ' | . *

10

15

20

25

30

35
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50

35
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6. A device as claimed in claim 1 in which the timed
sequence exceeds the time for filling the channels to
provide for steady state analy31s
7. A device as claimed in claim 1 which includes a

reagent, supply source means communicating the rea-

gents supply source with the device for injecting rea-
gent fluid for admlxture with fluids prior to the analys:s

device.
8. A device as clalmed in claim 7 whlch includes

means for continuously circulating the reagent for con-

tinuous flow and valve means for directing reagent to
the analysis system from the contmuously recuculatmg

rreagent fluid.

9. A device as elamled in. claun 1in whlch smd first

:and second valve means are four way solenmd-()perated
valves, said first valve means having two inlets and two

outlets with one inlet communicating with the means
for supplying the electrolyte fluid and the other inlet

communicating with the means for supplying the fluid

sample, and with one outlet communicating with one
channel and the other outle communicating with the
other channel, said second valve means having two
inlets and two outlets with one inlet communicating
with one channel and the other inlet communicating
with the other channel, and with one outlet communi-
cating with said means for analyzing the fluid sample,
and the other outlet commumcatmg w1th a collectmg
reservoir.

.10. A solutlon handhng devnce as clmmed in clalm 1
in which a sampling device communicates between the
second valve means and the analysis device for drawing
a fraction of the sample fluid from the second valve
means to the sampling device.

‘11. A solution handling device as claimed in claim 10
in which the analysis dewee is one that makes use of a

plasmaﬂame -
* * £ % &
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